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Ultraviolet B (UVB) radiation has multiple ~ffects on 
the immune system, and these effects contribute to 
the development of UVB-induced skin cancers in 
mice, and probably man. Depending upon dose and 
duration of UVB exposure, the resultant immune 
aberrations may be strictly local (at the irradiated 
skin site) or systemic. One important local effect of 
acute, low-dose UVB regimens is impaired induction 
of contact hypersensitivity (CH). Because a signifi-
cant proportion of humans who develop CH when 
hapten is painted on UVB-exposed skin fall to display 
a primary allergic reaction at that site, we inquired 
into the effects ofUVB radiation on the expression of 
CH in man. A high proportion of individuals who 
were first exposed to a sensitizing dose of hapten via 
UVB-exposed skin displayed CH when challenged on 
unirradiated (normal) skin 11 d later. However, only 
50% of these subjects developed CH when challenged 
U ltraviolet B (UYB) radiation is thought to have mutagenic properties and deletelious effects on cutaneous immunity that are centra l to the etiology of sunlight-induced skin cancer [1-4] . Prolonged exposure of mice to high doses of UVB radiation 
has been demonstrated to induce cutaneous malignancies and to 
cause selective deficits in the systemic immwle response [5]. By 
contrast, exposure of mouse skin to acute, low doses of UVB 
radiation robs the skin at the irradiated site of its abiJity to Sllpport 
the induction. of contact hypersensi tivity (CH) to highly reactive 
haptens [6], at least in certain individuals [7,8]. Current evidence 
suggests that UVB radiation interfel·es with the ability of loca l 
antigen-presenting cells to carry hapten to the draining lymph 
node, where sen sitization of the rel evant T cells must b egin [9]. 
This evidence indicates that UVB radiation can abrogate the 
afferent limb of the immune response, preventing the induction of 
immunity to cutaneous antigen s. Rome rdahl e( af [10] I·epone d 
recently that l11urine melanomas have an accelerated growth pat-
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simultaneously on skin that had been exposed to UVB 
radiation 11 d previpusly. Because the density of 
epidermal antigen-presenting cells was comparable 
in both responders and non-responders, we interpret 
these findings to mean that UVB radiation can create 
a sustained immunosuppressive microenvironment 
that inhibits the expression of CH. In separate exper-
iments, when normal volunteers were sensitized with 
hapten via unirradiated (normal) skin, expression of 
CH at UVB-exposed challenge sites 11 d later was 
found to be enhanced, at least in some individuals, 
compared to expression of CH at unirradiated chal-
lenge sites. Thus, the local effects of UVB radiation 
on expression of CH in man may be enhancing or 
inhibitory, depending upon whether initial sensitiza-
tion occurred through normal or thro";gh UVB-ex-
posed skin. ] Itwest Dermatof 104:18-22, 1995 
tern when impl an ted into UVB-exposed skin. Pre viously, Morison 
e( at [11,12] reported tba t UVB radiation of guinea pig skin 
diminished the response to an elicitation dose of hapten adminis-
tered 14 dafter UVB irradiation. T hese studies suggest that UVB 
radiation may inte rfere with the expression of immuni ty within 
skin . Alternatively, Polla et at [13] and Yoshikawa et at [14] reported 
independently that UVB radiation can ellhnllce the expression ofCH 
in m.ice . 
We have studied normal human volunteers with respect to the 
ability of the ir skin to express CH after UVB radiation. Our 
findings support the view that UVB radiation suppresses the 
expression of systemic immunity at irradiated sites, and raise the 
possibility that UVB radiation accomplishes th.is by creating ill situ 
a sustained local immunosuppressive mjcroenvironment (ISM). 
However, among individuals initially sensitized through unirradi-
ated skin, UVB enhances the expression ofCH in a high proportion 
of cases. 
MATERJALS AND METHODS 
Subjects Porty healthy human volunteers were recruited randomly into 
these studies . Twenty-four volunteers were treated with uvn radiation 
(regimen described below) at two difl:e rcnt sites simu ltaneously. An addi-
tiona l 16 voluntee rs were sensitized with hapten through UVB-unexposcd 
skin. 
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UVB Radiation According to a method described previously [1.5], we 
used a high-pressure mercury lamp (Dcrmalight System. Dr. Honle, 
Munich, Germany) cmitting UVB light with peaks at 300 and 310 nm . Each 
of24 individuals receivcd exposurcs ofUVll radiation (144 mj!cm2 / d) for 
4 d consecutively on two buttock sitcs. T he other 16 individuals received 
thc same regimen of UVll radiation to one buttock site. 
Hapten l-Chloro-2,4-dinitrobcnzenc (DNCB) was obtained from Al-
drich Chcmical Co. (Mi lwaukee, WI) and used as scnsitizing agent. For 
sensitization, 400 mg DNC13 was di luted to 20 ml in acctone (2 mg/O. l ml) . 
For elicitation, this solution was diluted furth er wi th acetone to reach a final 
concentration of 50 ,.,.g/ 1 00 ,.,.1. 
Sensitization and Elicitation of CH As describcd previously [1 5J. 2 
mg/O.l ml DNCB in "cetone was applied carefull y to one site of irradiated 
buttock skin immediately aftcr the fourth UVB exposure (for 24 volunteers) 
or to a non-irradiated buttock-skin site (fo r 16 volunteers). The diameter of 
thc applic"tion site was 2 cm, and care was taken to ensurc that no hapten 
was spilled beyond the margin of the irradiated site. The pain ted area was 
occluded with paper tape for 24 h. Primary allergic reactions (PAR) were 
detectable as earl y as 8 d and as late as 15 d after hapten application. CH was 
clicited by painting 50 ,.,.g DNCB in 1.00,.,.1 acetone on the volar surf.1ce of 
the forearm at '11 and 30 d, and on unpainted but irrad iated buttock-skin 
sites at 11 d. Cutaneous inAammatory responscs wcre assessed clinica ll y at 
2, 4, and 7 d thereafter. 
Scoring of Cutaneous Inflammation InAammation of thc skin was 
eli citcd by cxperimenta l procedures in some individuals. as fo llows: (1) by 
UVB irradiation (phototoxic reaction). deterI1lined iI1lmedia tely after the 
fourth exposurc to UVB radiation; (2) by epicutaneous application of 
DN CB (toxicity reaction), assessed 24 h aftcr appl ication of a sensitizing 
dose of hapten; (3) during the PAR, assessed betwcen 11 and 15 dafter 
scnsiti zation; and (4) at the challenge site. assessed 2, 4, and 7 dafter 
challenge with DNC13. T he fo llowing scoring systcm was used: 1 +. 
crythema onl y; 2+, erythema plus edema; 3+ , erythema , edema, plus 
vesicle formation; 4 + , blister formation and necros is of the cpidermal 
slIrf.1ce . 
Evaluation of Epidermal Langerhans Cells Skin biops)' specinlellS 
were obta ined from sites 11 d after acute, low-dose UVll exposure. 
Epidermal sheets were prepared and sta ined with Auorescein isothiocyanate-
tagged anti-CDl a or anti-human leukocyte antigen (HLA)-DR. antibodies 
(Becton Dickinson , Mountain View, CAl. as described previously [1 6). and 
the density of positively staining epidermal cell s was determined by 
fluorescence J11i croscop)' . 
Statistical Analysis Data were cV:l luated with a M:lnn-Whitncy U test. 
a nonparametric sta tistical ana lysis of unpa ired groups of ranked observa-
tions. Differences were considered significant at p < 0.05. 
RESULTS 
UVB-Dependent Phenotypes of Healthy Volunteers 
Twenty-four young, healthy volunteers were enrolled in this part 
of the study. Sex, age, skin colo r, and exten t of skin pigm entation 
of these subjects are listed in Table I [17]. The volunteers were 
subjected to an acute, low- dose UVB radiation procotol (144 
mj /cm 2 / d) on 4 d consecutive ly. T he radiation was de livered to 
two buttock-skin sites of 2 cm in diame ter each . Phototoxic ity was 
assessed shortly thereafter, and w ithjn 30 min , one buttock site was 
painted with 2 m g DNCB. Hapten-induced toxicity at this site was 
assessed 2 d late r. T h e hapten-painted site was examined for the 
onset of local inflammatio n at 10 d and the reafter, as evidence of 
the development of a PAR. At 11 d after in itia l hapten application, 
a di lute solu tion of ONCB (50 JLg) was painted on two other 
cutaneous sites: the second irradiated buttock-skin site to which 
hapte n had not been applied previously, and a site on the volar 
surface of the forearm , which had received no UVB radiation. 
These sites w ere exa mined for development of C H over the 
ensuing 7 d. Finally, at 30 d after completion of the UVB radiation 
protocol, the subj ects w ere again cha ll enged with DNCB (50 JLg) 
placed on volar forearm skin at a site that was distant from the first 
challenge site. Development of C H at the 30-d challenge site was 
assessed over the succeeding 7 d . Individuals w ith C H at the 30-d 
challe nge site w ere designated as UVB-resistant, and non-respond-
ers at tlus time w e re judged to be UVB-susceptible [15]. Table I 
presents the PAR responses of these subjects, as w e ll as t he i,' 
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Table I. UVB-Susceptible and UVB-Resistant 
Phenotypes of Healthy Volunteers 
Skin Color/ Challenge 
Subject Pignlenration ll Sex Age PAR./' at 30 d' 
258 BOl M 32 + + 
238 B02 M 21 + + 
243 B02 F 31 + + 
260 B02 M 3J + + 
266 B02 F 24 + + 
268 B02 F 27 + + 
249 B03 M 23 + + 
215 B03 M 22 + + 
273 Bl F 21 + + 
269 132 F 56 + + 
276 133 F 32 + + 
2'19 B02 M 38 + 
242 B02 M 22 + 
257 B02 F 24 + 
274 B02 M 31 + 
216 B03 M 23 + 
264 13 5 F 34 + 
222 BOl F 31 
24 1 B02 M 39 
267 n02 F 37 
220 1303 F 49 
162 B04 M 21 
246 B2 M 22 
218 B3 F . 56 
I I Skin color type of Call cas i ~ms was designated (80_) according to the method 
described by Palhak et ttl fl 7J. Intensity of melaniza tion in deeply pigmented volunteers 
was determined as described prcviously [20 j using Dcnnablcnd Cover Creams as 
standards. Designatio ll B I represents the )COIst pigmentation. whereas B5 represents the 
1"110st pigrncntatiou. 
b PA n... was considcrcd positive if il clinical score of2 + or l;rea tcr was obscrved at t.he 
haptcn applic:ltioll sitc. 
r Minus. indi vidu:11s w ho f.1 iled to develop CH at the fo rea rm site. designil lcd as 
UVB-susccptiblc: plus. individuals w ho disp layed a delayed inflammatory respo nse 
(c1i nic"l score of 2+ or greatcr) within 4 ct of challenge. designated <IS UVB-resistallL 
d esignation as UVB-susceptible or UVB-res istant, based on the 
30-d ch allenge results. Seventeen subj ects (71 %) proved to be 
UVB-resistant and seven were found to be UVB-susceptible. Of 
the 17 UVB-resistant individuals, only 11 displayed a positive PAR. 
None of the subjects designated as UVB-susceptible developed a 
PAR. T hese results indicate that individuals who have the UVB-
susceptible phen otype also faiJ to develop PAR after hapten is 
paiJlted on UVB-exposed skin . Moreovcr, a large pro po rtion of 
individuals who prove to be UVB-resistant [.1 il to display a PAR, as 
reported previously [1 8]. 
Relation Between PAR and Positive Challenge Response at 
11 d After Sensitization UVB-resistant individuals m ay f.1il to 
display a PAR. at the original site of h apten application for several 
reasons: (1) Hapten con centration f.l1ls rapidly at th e initial site of 
applica tion, such that by 11 d the concentration is at a sub-threshold 
level and in capable of triggering T cells that m ediate CH; (2) 
acquisition of systenuc C H is de layed in som e UVB-resistant 
individua ls who first encounte r hapten via UVB-exposed skin , and 
these individuals cannot disp lay a PAR during the typical 10-14-d 
inte rva l after sensitization; and (3) UVB radiation crea tes a persis-
tent de fect at the irradiatio n site that inhibits the express ion of CH. 
We h ave publishcd cviden ce that hapten "wash-o ut" occurs after 
hapten is painted on UVB-exposed buttock skin , a finding that is 
consistent with the first exp lanation above [1 8]. In the present 
study, we were able to gath e r eviden ce concerning the second 
exp lan ation . Each of the 24 subj ects received a cha llenge dose of 
DNCB on unirradiated volar forearm skin at 11 d after the 
completion of the UVB rad iation protocol. By comparing these 
resp on ses with PAl:t at the initial site of hapten application , it was 
possib le to de te rmine whether positive ch allenge reactions corre-
la te d with a positive PAR (Table II). Seven subjects who fai led to 
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Table II. Comparison of PAR with Responses at 
l1-d Unirradiated Challenge Sites" 
Tota l ll-d Chal lenge, 
Subjects Number PAR" Unirradiated Site' 
162, 216, 218 , 220, 222, 242 6 
219,241, 246, 257, 264, 267, 
274 7 + 
215, 238, 243, 249, 258, 260, 
26~ 268, 269, 273, 276 11 + + 
" Subjects described in Table I received an cpicutaneous chal1cngc with 50 I-tg 
DNCB on 1Il1irradi:ttcd volar forcarm skin at 11 d .. freT com pletion of VVB rad;,ation . 
Results arc presented as the number of subjects who displayed the PAR and Il-d 
challe nge responses noted under these headings. 
b PAR was judged positive or ncg;ltivc as described in legend to Table I. 
e Plus. individuals who disp layed" delayed inA<lnlmatory response (clinical score of 
2 + or greater) at the Il -d challenge site; minus, individuals who f.1 iled to develop 
inAal1lmation at the l1-d challen ge site. 
display a PAR at the original site of hapten application mounted 
readily detectable CH responses at 11 d when the unirradiated 
forearm site was challenged. Six subjects who f.,iled to display a 
PAR also failed to respond at the ll-d challenge site, and ' l1 
subjects with a positive PAR also displayed positive 11-d chalJenge 
reactions, These results indicate that 18 individuals had already 
acquired systemic CH by 11 d after initial hapten application via 
UVB-treated skin, The inability of six of these individuals to display 
a PAR during the same interval indicates that a failed PAR cannot 
be explained by a delay in onset of systemic CH. 
Capacity to Display CH at UVB-Irradiated and -Unirradi-
ated Skin Sites at 11 d After Sensitization Via UVB-Irradi-
ated Skin We compared ll-d chaJIenge responses at both 
unirradiated and irradiated skin sites (data not shown). Nine 
subjects who displayed a positive PAR and positive ll-d challenge 
reactions on unirradiated skin also displayed CH when hapten was 
painted on skin last exposed to UVB radiation 11 d previously. By 
contrast, nine subjects who displayed positive challenge rcactions 
on unirradiated skin at 11 d, f.,iled to mount CH responses when 
DNCB was painted on skin that had been UVB-irradiated 11 d 
previously, These results indicate that skin that has been exposed 
11 d previously to acute, low-dose UVB radiation is less able to 
support the expression of CH than is unirradiated skin. Because 
DNCB was applied to the skin 11 d after completion of the UVB 
radiation regimen, the deficit created by UVB radiation at the local 
site persisted for at least 11 d, In this paper, we will refer to 
individuals with positive CH responses at ururradiated 11-d chal-
lenge sites, but negative CH responses at irradiated 11-d challenge 
sites, as having a UYE-induced ISM, 
Correlation Between l1-d Challenge Responses and Den-
sity of Langerhans Cells at UVB-Exposed Sites As noted, 
some individuals with DNCB-specific CH f.,i led to display CH 
when hapten was painted on UYE-exposed skin. To determine 
whether this was due to insufficient antigen-presenting cells at the 
UYE-treated site, we obtained skin biopsy specimens from unirra-
diated and irradiated skin of several volunteers 11 d after comple-
tion of the radiation protocol. Epidermal sheets were removed and 
analyzed by fluorescence microscopy for the presence and density 
ofCD1 + and HLA-DR + dendritic cells. The results of these assays, 
presented in Table III, indicate that the density of CD1-bearing 
epidermal cells was significantly lower at sites exposed to UVB 
radiation 11 d previously than at lInirradiated control sites. When 
compared with unirradiated skin samples, HLA-DR + cells from 
sites irradiated 11 d previously were only slightly fewer, However, 
the densitics of these cells in UVB-exposed skin were comparable 
for individuals with negative and positive CH responses, These 
findings indicate that at 11 dafter UVB irradiation, intraepidermal 
antigen-presenting cells have not yet returned to normal numbers 
and surfa ce marker expression. This implies a lingering effect of 
UVB radiation , However, because the density and surface expres-
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Table Ill. Density of CDl + and HLA-DR + Cells in 
UVB-Exposed Human Epidermis" 
HLA-DR+ CDl +' 
N (mcan ± SEM, %) (mean ± SEM, %) 
Negative CH 
response 5 75 ± 9 39 ± 8 
Positive CH 6 68 ± 15 40 ± 12 
•• The table is divided in to individuaJs who r:lilcd to show a CH response and those 
who had 11 positi ve CH after being challenged at the UV13-irradiatcd site at "11 d in the 
previolls experiment. Results of cell densities observed ill the epidermis from skin 
exposed to UVB 11 d previously are prcsented as a perccntage of positive control 
dcnsities (representing 10QuA,) observed in normal epidcrmis from th e same individu:l l. 
:!: SEM. 
sion of CD1 and HLA-DR were equivalent for UVB-exposed 
epidemlal sheets obtained from botb groups of volunteers, the 
failure of the former to display CH reactions at UVB-cxposed skin 
sites cannot be ascribed to a deficit of epidermal Langerhans cells Or 
other bone marrow-derived antigen-presenting cells. 
Correlation of ll-d Challenge Responses and Skin Color! 
Pigmentation We have reported previously that UVB-depen-
dent phenotypes are not influenced by the degree of melanization 
within irradiated skill [18], In tl1.is experinlent we studied six 
individuals with deeply pigmented skin on a racial basis (pigmen-
tation ranging from B1 to B5). Th.ree individllals (218, 269, 273) 
displayed CH reactions of equal intensity on UVB-irradiated and On 
UVB-unirradiated skin when challenged at 11 d. By contrast, the 
other th.ree individuals (256, 264, 276) displayed 'remarkable dif-
ferences in CH reactions at the irradiated and unirradiated sites, In 
addition, Skill-color types of Caucasians were equally well repre-
sented among individuals with and without CH at irradiated 
challenge sites . Thus, the ability ofUVB radiation to create an ISM 
is independent of the degree of mclanization and of the color type. 
Correlation of l1-d Challenge Responses and DNCB-In-
duced Toxicity We compared the degree of DNCB-induced 
toxicity generated in each individual with the presence or absence 
of CH expression at 11 d. As summarized in Table IV, individuals 
who displayed CH when challenged at 11 d at both the irradiated 
and unirradiated skin sites experienced greater DNCB toxicity at 
the origina l site of application than did individuals who failed to 
display CH when challenged on irradiated skin at 11 d. TI1.is 
correlation suggests that hapten-induced toxicity may permit the 
skin to overcome the putative UVB-induced local deficit and aIJow 
full expression of CI-I at the irradiated site. 
Table IV. Correlation Between DNCB-Induced Toxicity 

















(/ Extent of cuWneo us toxicity (as judged by clinical score) de tected 24 h after 
application o f 2 mg DNCB to UVll-exposed buttock site is listed for sensiti zed 
individuals who either displayed CH rea ctions at the UVll-cxposcd site or failed to 
display C H reactions at this site , Toxicity displayed by the posi tive-cr-I group is 
significantly greater than that displayed by the l1egative-C H group, " = 0,0067. 
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Capacity to Display CH at UVB-Irradiated and -Unirradi-
ated Skin Sites at 11 d After Sensitization Via Unirradiated 
Skin In the experiments above, subjects were exposed first to the 
sensitizing dose of DNCB via UVB-irradiated skin. It seemed 
important to determine whether the abiLity of UVB radiation to 
create a local ISM extended to individuals sensitized via unirradi-
ated skin. Sixteen normal volunteers received four consecutive 
daiJy UVB exposures to a single buttock-skin site. After the last 
dose of UVB radiation, each subject was sensitized with DNCB (2 
mg), which was painted on unirradiated buttock skin. Eleven d 
later, each individual received two DNCB challenges (50 /Lg) , one 
applied to forearm skin (unirradiated site) and the other applied to 
the previously irradiated buttock-skin site . The resu lts of these 
studies are presented in Table V. Of the 16 volunteers, ten 
developed a PAR at the original sensitization site. Eight subjec ts 
displayed positive challenge reactions at the unirradiated forearm 
site, and nin e developed CH at the UVB-irradiated challenge site. 
However, these were not necessarily the same individuals. T hree 
subjects (308, 357, 358) reacted at the un irradiated chalJ enge site 
but not at the UVB-exposed challenge site, sugges ting the exis-
tence of an ISM at the latter site. However, eight subjects displayed 
more intense CH reactions at the UVB-exposed chaLlenge site than 
at the unirradiated site; in three instances (subjects 354, 356, 360) 
the chall enge reaction was positive at the UVB-exposed site but 
negative at the unirradiated site. These results suggest that in a 
subset of human beings, UVB irradiation of skin promotes an 
exaggerated CH response rather than creatin g an ISM . 
DISC USSION 
T he results of these studies support the view that UVB radiation 
inAuences the expression of CH in man. It is surprising that the 
consequences of UVB radiation on CH expression appeared to be 
dependent upon whether sensitization originally occulTed via nor-
mal or via UVB-exposed ski n . W e wiLl first consider the results 
obtained in volunteers who w ere sensitized by application of 
DNCB to buttock skin exposed to the acute, low-dose VVB 
protocol. Among these volunteers, 71 '!It, developed CH when 
DNCB was painted o n UVB-treated skin, and only 11 of these 
Table V. 11-d Challenge Responses at UVB-Irradiated 
and Unirradiated Skin of Subjects Sensitized to DNCB 





















26 + + 
29 ++ 
35 + + 
30 + 
28 + 
24 + + 




























" Subjects rece ived fOllf cOllsecutive d:tily doses of uvn radia tion to an area of 
buttock skin . After the lasl- UVU ex posure . 2 mg DNCIJ was painted 01 1 an 
1I1lirradia tod hu ttock site. Eleven d later. each indi vidu al received all cpic lI t:1 n cous 
challe nge with 50 J.1g DNCB applied to 11IIi rradiatcd volar forc:ul1l skin and to the 
UVD-cxposcd buttock sit"c . T he 1I1lirradiat ed sit e of ini tial hapten appl ic;lti on W:1S 
cva lu,lted fo r ev idence o fa PAR betwecn IU and "Ill d. 
/. Eva luatio n ofCH reactions: +. reaction prcscnt o n o nl ), onc observa tion dOl )'; + +. 
reac ti on pers isted fo r 2 or more observat"i o ll d;lYS: - . 11 0 reaction whell o hserved :.11 
1 1-1 5 d fo r PAR. "lid al 2- 4 dafter challc lI!;" dose o f' haptell . 
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displayed a PAR at the initial site of hapten application. Application 
of a challenge dose of DNCB at 11 d after irradiation to unirradi-
ated fo rearm skin elicited CH I'esponses in these individuals, 
indicating that systemic CH nonetheless existed. Alternatively, 
application of a challenge dose ofDNCB at 11 d to a UVB-exposed 
buttock-skin site not previously painted with hapten fail ed to evoke 
CH, implying that UVB radiation had created a cutaneous defect 
that was sti ll present after 11 d . Whether 3n ISM existed was not 
inAuenced by skin-color types (Caucasians) or by the degree of 
genetically determin ed epidermal melanization . T he density of 
CDl + and HLA-DR + epidermal cells was reduced in epidernlis 
that had been UVB-irradiated 11 d previously, but there was no 
difference in the densities of th ese cells in the epidermis between 
individuals who did 01' did not respond to DNCB. T hus, a defi cit in 
the densi ty of loca l antigen-presenting cells cannot account for the 
inability of UVB-exposed skin to express immunity. 
At least two other explanations can be considered. On the one 
hand , an abnormality in antigen-presentin g cells m ay exist that is 
not revea led by ce lJ densi ty within the epidermis or by expression 
of CD1 and HLA-DR. UVB radiation of Langerhans cells ill /l ilm 
clearly inhibits their capacity to activate alloreactive T cells or to 
present antigen to primed T cells [1 9]. R ecently, Simon el nl [20] 
presented eviden ce that exposure of Lan gerhans cells ill /IiIi'll to 
UVB rad ia tion converts the cells from an immunogenic functional 
m ode to a tolcrogenic one. Perhaps one m echanism for this 
conversio n is the ability ofUVB radiation to prevent the express ion 
of intercelJul ar adhesion molecule ·' on Langerhans cells [21 ]. 
Studies by Cooper el nl [22J and Baadsgaard el nl [23 ] have 
de termined that after UVB radiation ill "i/lo, the IUlman epiderm is 
contains a novel population of HLA-DR -< bone marrow-derived 
cells that lack C D1 and that activate suppressor/ inducer CD4 + T 
cells ill "ilro. It is possible tha t the excess of HLA-DR + cells 
compared to C Ol " cells that we found in epidermaJ sheets 
examined 11 d after UVB radiation represent infiltrating bone 
marrow-derived cells that promote toleran ce rather than sensitiza-
tion. 
O n the other hand, tlle microenvironment at a UVB-irradiated 
skin site may be altered by loca lly produced cytokines. T he 
proinAamrnatOl'y cytokines interleukin-l , interleukin-6, and tumor 
n ecrosis f.Ktor 0' are secreted by UVB-exposed keratinocytes 
[24,25] . However, it is difricult to explain how these cytokines 
would inhibit expression of C H ; the opposite result would be 
expected . Jun el nl [26J reported that UVB caused both local and 
systemic suppression of immunity unless the irradiated . mice were 
treated with indo m ethacin . Ullri ch cl nl [27] demonstrated that 
UV-exposed keratinocytes secre te immunosuppressive factors, in-
cl uding in terleukin-10 [28]. 
T he abili ty ofUVB nldiatioll to impair expression of iml11uni ty in 
human skin has been reported before. In 1980. O'Dell el nl [29 ] 
found that sun-dam aged skin expressed CI-I qu ite poorly compared 
to sites not damaged by sun exposlll'e . Kocsard and Oill er [30J 
reached a similar conclusion. H ersey cl nl [31J claimed that expo-
sure to UVB sufticient to induce a suntan mitigated against C I-I to 
DN CB. However, this study did not distinguish between an effect 
of UVB radiation on induction or expression of CH. Sj ovall cl nl 
[32] dem onstrated that nickel- indu ced C H was impaired at UVB-
ilTadiated skin sites as compared to unirradiated sites. Kalim o 1'1 nl 
[33] cam e to a simil ar conclusion, and reported that there was no 
re lation between the ability of UVB-exposed skin to express CH 
and its content of Langerhans cell s. Simila r findings have been 
obtained with psora len plus UV A therapy in psol;asis patients [34]. 
.J3y contrast, Polla ct nl 11 3] reported that exposure of tlle ears of 
dinitroAuorobenzene-iml11une mice to acute, low-dose UVB radi-
ation in creased the amoun t of swelling. Similarly, Yoshikawa ('{ nl 
[1 4] del110nstrated that VVB radiation enhanced C H expression , 
which correlated positively with increased numbers of Langerhans 
cells in th e epidel'lnis at the time of hapten app lication. T hus, o ne 
line of in vestigation in mice indicates that UVB radi ation promotes, 
rather than suppresses , the expression of C I-I. H owever, another 
line of in vestigation in guinea pigs has reached the opposite 
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conclusion . Haniszko and Suskind [35] claimed in 1963 that UV 
light in the sunburn spectrum depressed the efferent limb ofCH at 
irradiated sites. Morison el al [11,12] also impaired CH expressioo 
in guinea pigs using UVB radiation, but only when the radiatioo 
was given daily for 14 d after hapten sensitization and before 
challenge. Donawho and Kripke [36] demonstrated that outgrowtb 
of melanomas and sarcomas in mice was remarkably enhanced if the 
tumor cells were implanted in UYE-exposed skin as opposed to 
non-exposed skin. It is noteworthy that they found no sucb 
difference in outgrowth when tumor cells were inj ected into 
irradiated and unirradiated skin of immune-compromised mice , 
which implies that immunologic mechanisms playa role in the local 
effects of UV radiation in promoting tumor growth. 
In our study, UVB radiation impaired CH expression among 
volunteers origina lly sensitized through UYE-treated skin, but had 
the opposite effect among individuals originally sensitized via 
normal (unirradiated) skin. Thus, when CH is induced througb 
normal skin, its expression is enhanced (in some individuals) wheo 
a chall enge dose of hapten is placed on ski n previously exposed to 
UVB radiation. This result is strikingly similar to those of the 
experiments conducted in mice by Polla el al [13] and by Yo-
shikawa et al [14] . 
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ftVe also lI,allk Ms. lIemla Daly for preparalioll of Ill e lila II IIscripl. 
REFER.EN CES 
1 . MacDonald J: T he e pidemio logy of skin cancer . ) 1,,,,eSI Oer/l/(/,ol 32:379-382, 
1959 
2. Urbach F, R ose 013, B0l111cm M: Genetic :md cllv-iron mcntal inte raction in skirl 
ca rcinogenesis. In : E ll vinHl lll cllt awl e m/eel'. MD Amlcl'so ll H ospital COIiferCllcc 
Procccdh,gs. W ilUams and Wi lkins, Baltimore. 1971. pp 355-371 
3. Green AES, Findley Gfl, Klenk K, Wilson W. Mo T: T he ul travio let dose 
dependence of nonmclanoma skin GlI1 ccr incidencc . Pilofocl,ctIl }JllOlobiol 24: 
353. 1976 
4 . Harber J C. Bickers DR.: Ultraviolet carcinogenesis. In : Bickers DR., Harber J C 
(cds.). PllOlose"si,i ,Jily Oiscases. W.B. Saunders. Philadelphia, 1981. pp 246-257 
5. Kripkc ML, Applegate LA: Alterations in the immune response by uJtraviolc t 
radiation . In : Goldsmith LA (cd.). Physiology, BiorhclIIlslfJl, ami I\I/olcwlar Diology 
oJII,e Sk i", 21111 cd. Oxford U ni versity Press. New York. 1991. PI' 1222-1239 
6. Toews Gil. Bergstresser PR.. S'trcilein JW: Epiderma l langerhans ceU der,sity' 
determines whether Contact sensitivity or unresponsiveness follow s skin paint..-
ing with DNFB. ) 1111"""",11 24:445-453.1980 
7. Streilein JW, Bergstresser prJ....: Genetic basis of ultr;lvio let-B effects on COll t,lct 
hypersensitivity. IIII IIIIIIIl1,I?CIIClics 27:252-258, 1988 
8. Yoshikawa T . Streilcin JW: Genetic basis of the efrects of ultravio let light B or? 
cutaneous iml111lTlity. Evidence that polymorphism at the Tllfa and L}Js lod 
governs susccptibility . 1I1IIIIIIIIogctlclics 32:398-405. 1990 
9. Strei leinJ W: Sunlight and SALT: ifUVB is the trigger, and TNF" is its medi a tor. 
what is the message? ) I, ,,,es, Oe,."IO'oi I UO:4 7S-52S. 1993 
10. R.oll1erdahl CA. Donawho C , Fid ler KJ. Kripke ML: Effect or ultraviol"t J3 
radiation on the in vivo growth of murine rnclanoma cells. Callce,. RcS 
48:4007-4010. 1988 
II . Morison WL. Parrish JA, Woeh ler ME. Dloch KJ : T he inAuence of u ltraviolet 
radiation on allergic contact dermatitis in th e guinea pig . I. UVB radiatiol"l. Br 
) 0"""'0'01 104:16 1- 164,198 1 
12. Mo rison WL. Parrish JA . Woe hler ME. l3I ock KJ : T he influcnce of ultraviolet 
radiation on allergic contact dermatitis in the gu inca pig. II. Psoralcn /LJV p,.. 
radiation . Hr) Oe,.",alol 104: 165- 168. 1981 
13. Polla L. Margoli s R. Coulston C . P;:,rrishJ A. Gnmstein H.D: Enh~lncen l ent of th e 
c li cit::ltion phase of the l11uri.nc contact hypersensitivity response by I)rior 
exposure to loca l ultravio let radiation.) /t llles l Oerlllalol 86: 13-17. 1986 
T HE JOURNAL OF INVESTIGATfVE DERMATOLOGY 
14. Yoshikawa T, Kurinloto I, Strcilcin JW: T umour necrosis facto r-a lpha mediates 
ultravio let light B-cnhanccd expression of contact h yperscns,iti vity. I",,,,,,,wlo.gy 
76:264 -271, 1992 
15. Yoshika wa T, R.ae V, Bruins-Slot W. Van den BergJ-W, Taylor JR.. Streilein 
JW: Susceptibili ty to efrects of UVB radiation on indu ctio n of contact 
hypersensitivity as a risk r.,ctor for skin cancer in man. J IUllest Dcft/llIlo l 
95:530-536, 1990 
16. Vermeer M. Schmieder S, van den Berg J-W, Yoshikawa T . Metzman MS, 
Taylor JR. Strc i.le in JW : Effe cts of ul tr;lv io let B light o n cu tanco us immune 
responses in humans with dceply pigmented skin .) lllllest DCnlIIlto I 97:729-734. 
1991 
17. Pathak MA, fitzpatrick TB. Greiter F, Kraus EW: Prcventivc lTe~ttmcnt of 
sunburn dermatoheHosis, and skin c'lI1cer with sun-protectivc agcnts. In : 
Fitzpatrick Til . Eisen AZ. Wolfr K. Freedberg 1M . Austen KF (cds.). Ocn"a· 
lology i" Cwe,"1 Medici"e, Jrd cd. McGraw-Hili. New York , 1987. pp 1507-
1522 
18 . Tseng C. Ho/fu"111 B. Kurimoto I. Shimizu T. Schmieder GF. Taylor JR, Streile in 
JW : An;llysis of eHects of u.ltravio let-D radiation on indu ction of prim;lry 
alle rgic reactions.) I" "es, Dem,allli 98:871-875, 1992 
19. Austad J. Braathc n LR.: Effect of uvn on alloa ctivating and antigcn prcsenting 
capacity of hum:ul epiderma l Langerhans cells. Scalld) II1I1IIIIIwl 21 :4 17-423, 
1985 
20. Simon JC. Tigelaar RE. Bergstresser PR.. Edelbaum D. C ru z PD: UVB radiation 
converts Langerh~'ns cells from immunogenic to tolerogcll antigen presenting 
cells. Induction of specific clonal anergy in CD4 + T he lper 1 cells. ) /""111111111 
14 6:485-491, 1991 
21. Tang A. Udey M C : Inhibition of e pidermal Langerhalls cell function by low dose 
u.ltraviolct B radia tion. Ultr:tviolet B radiation selectively m odulates ICAM-1 
(CDS4) expression by murine Langerhans cells. ) 1"'"",,1111 146:3347-3355 , 
199"1 
22. Cooper KD. Neises GR., Katz SI: Antigen-presenting OKM5 + melanophages 
appear in hu man epidermis :t fter ul traviolct radiation. J III lIcsl Dt'rtlWiol 
86:363-370. 1986 
23. Baadsgaard A. Fox DA. Cooper KD: I-Iuman epidermal cells from ultravio let 
light-exposcd skin prcfe rentially activate :Iutoreactivc CD4 +2H4 -+- supprcssor-
inducer lymphocytes and CDS + suppressor/cytotoxic lympllocytes. ) /,""'/11101 
140:1738-1744,1988 
24 . Kock A. Schwarz T, IGrnbauer R. Urbanski A, Perry p . Ansel J C. Luger TA: 
Human kcrati.nocytcs arc a source for tumo r necrosis facto r a: evidence for 
syn thesis and relc;tsc upon sti llluinlion with endotoxin or ultravio let light. J 
Exp Med172: 1 069-16"14 . 1990 
25. Ga Uo Ill. Staszewski R . Sa ude r DN. Knise ly TL, Granste in 1<.0: R.egulation of 
GM-CSF and IL-3 production from the murine kera tinocyte ceillinc PAM 2 12 
fo llowing exposure to ultra vio let radiation .) IUllesl Dem,alDl 97:203-209 . .1 99 1 
26. Jun B-D. Roberts LK. Cho B-H. R.obertson B, Dayncs RA: Parallel recovery of 
epidermal antigen prcse ntillg ce ll activity and CO il tact hype rsensitivity re-
sponses in mice ex posed to ultraviolet irradiation : the role of a prostaglandin-
dependent mechan ism . ) I""esl Oe/1/IOI(l/90:311-316. 1988 
27 . Ullrich SE. Mcintyre BW, Rivas JM: Suppression of the immune response to 
alloantigen by f.1ctors rcie;lsed frolll ultraviolet-irradiated keratinocytcs. ) 
1"''''""01 '145:489-498. "1990 
28. IUvas JM , Ullrich SE: Systemic suppression of delayed-type h ypersensit ivity by 
supernatan ts from UV-irr;ldiated keratinocytcs. An essential role for keratino-
cyte-derived 1t-1 0 . ) 1"''''''''01 149 :3865-3871 . 1992 
29. O'Dell BL, Jessen R T , Becker LE, Jackson R.T. Smith EB: ~iminished immune 
response in sun-d:rmaged skin . Arrlt Demllllo/11 6:559-56 l, 1980 
30. Kocsard E, Ofner f: Contact eczematous sensitization and sensitivity of the solar 
c1:rstotic skin. A "sl) Oe,."",/{)I 7:203-205. "1964 
31. Hersey p. Bradley M, Hasic E, H :trall C. Edwards A. McCa.rthy WH: hnrnullo-
logical eft"ccts of sola rillln exposure. La"cct i:545-548,1983 
32. Sjovall p. C hristenscn 013: Loc:tl and systcmic effect of ultra violet irradiation 
(UVD and UV"l3) on human allergic contact dermatitis. ACin Der", VCI/ereol 
(S,orkl,) 66:290-294 . 1986 
33 . Kalimo K, Koulu L. Jansen CT: Effect of a single UVD or POUVA exposurc on 
immcdiate and delayed skin h ypersensitivity reactions in hum:lI1s . Arch Dermalol 
Res 275:374-378. 1983 
34 . Moss C. Friedmann PS. Shuster S: H ow does PUV A inhibit delayed cutaneo us 
hypersensitivi ty? IJr) 0 .. ,.,,111101 107 :511 -5 16. 1982 
35. H an iszko J . Suskind 1Ut.: T he em!ct of ultraviolet radiatio n o n experimental 
c Llt:m COllS sensiti z:.Ition in g uinea pigs.) 1' lIJcsl DCYllwto/ 40:183-19"1. 1963 
36. DOllawho CK. Kr ipkc ML: Ev idcnce t lwt thc local eHect of ultraviolet radia tio n 
o n the growth of murille mclanOlnas is illll11unol ogically m ediated . CtlllCct" R.es 
5 1:4 176-4 181,1991 
